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ULTRASONIC CONTACT TRANSDUCER WITH MULTIPLE EMITTING 
ELEMENTS AND MEANS OF BRINGING THESE ELEMENTS INTO 

CONTACT 



Technical domain 

This invention relates to an ultrasonic contact 
transducer with multiple ultrasonic emitting elements. 

It is applicable particularly to medicine and non- 
destructive testing of mechanical parts, particularly 
5 of parts with a complex shape or an irregular surface 
condition, for example due to grinding or local 
addition of material. 



State of the prior art 

10 During an ultrasonic examination of some parts, an 

ul t rcccm c transducer is placsd on a material for which 
the surface shape (geometry) changes depending on the 
zone considered of the material. 

In this case, acoustic coupling between materials 

15 and the front face of the transducer is not optimal and 
the acoustic characteristics of ultrasonic beams 
transmitted are no longer maintained. The quality of 
inspections is then degraded. 

Conventional techniques cannot completely check 

20 parts with a variable geometry. 

For example, geometry variations such as elbows or 
take off points are frequent on pipe circuits. Yet 
parts with large geometric variations often have to 
resist the highest mechanical stresses, and therefore 

25 require the most frequent inspections. 
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In order to optimise the inspection of such areas, 
an ultrasonic transducer has been developed capable of 
adapting to parts with arbitrary shapes. 

The first step was to guarantee optimum coupling 
5 between this transducer and the surface of a part. 'To 
achieve this, a monolithic transducer was replaced by a 
set of independent elementary transducers, this set 
being capable of deforming when in contact with the 
surface of the part. This thus improved the contact of 
10 the transducer with the surface of the part to be 
checked . 

It should be noted that elementary transducers 
form an array with multiple elements for which the 
different acoustic characteristics need to be 
15 determined. 

The next step is to transmit ultrasonic waves with 
the characteristics required . for the inspection 
(refraction angle and focusing depth in the part) into 
the checked part. The next step is to. impose emission 

2 0 delays to transducer elements using appropriate 

electronic means, so as to form the required ultrasonic 
beam. 

The electrical signals output by ultrasonic 
sensors fitted on the transducer are then summated, 
25 these sensors possibly being the elements mentioned 
above that are used as elementary ultrasonic receivers. 

Simulation software integrated into the electronic 
control means of the transducer is used to calculate 
delays that depend on the geometry and the component 

3 0 material of the checked part and the required 
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characteristics for the ultrasonic beam, and to build 
up the elementary emitter excitation signal. 

The shape of the part surface also needs to be 
known (and is a priori unknown) . This is done by 
5 providing the transducer with means capable of 
outputting data that can be used to determine the local 
geometry of the checked part. These data are injected 
into the transducer control means in real time and the 
corresponding delay laws are recalculated. The result 
10 is thus an adaptive transducer that can be considered 
as being "intelligent". 

Such a transducer is known by the document 
described below that should be referred to: 

[1] WO 00/33292 A, "Transducteur ultrasonore de 
15 contact, a element multiples" corresponding to 
US 6 424 597 A. 

Flexible ultrasonic transducers are also described 
in the following documents: 

[2] US 5 913 825 A, "Ultrasonic probe and 
20 ultrasonic survey instrument", corresponding to 
JP 10 042 395 A. 

[3] US 5 680 863 A "Flexible ultrasonic 

transducers and related systems". 

However, transducers described in documents [1] to 
25 [3] do not make it possible to keep an optimum coupling 
between them and complex parts, particularly when these 
transducers are displaced on the surface of such parts. 

Presentation of the invention 
30 The purpose of this invention is to overcome this 

disadvantage . 
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To achieve this, this invention proposes an 
ultrasonic contact transducer with multiple elements, 
this transducer being characterised in that it 
comprises means of bringing the elements into contact 
5 with the surface of an object to be checked and means 
of determining the positions of the elements relative 
to the object, using the means of bringing the elements 
into contact, and in that each element is at least an 
ultrasonic emitter and the emitting elements are rigid 

10 and are assembled to each other mechanically so as to 
form an articulated structure. 

None of documents [1] to [3] discloses or suggests 
such a combination of means. 

In particular, in the transducer disclosed in 

15 document [1] , nothing is provided to keep the elements 
in contact with the object that is being checked during 
displacements of the transducer during the check, and 
to assure coupling with the object. 

The fact that the multiple elements of the 

2 0 transducer are rigid emitting elements and are 
mechanically assembled to each other so as to form an 
articulated structure, leads to a simplified and 
improved coupling between the emitters and an increased 
reliability since this coupling is achieved even if one 

25 emitter immediately adjacent to another is defective. 

Preferably, the transducer can be moved relative 
to the object to be checked and has a deformable 
emitting surface formed by first faces of the elements 
and that will be brought into contact with the surface 

30 of this object and starting from which ultrasounds are 
emitted towards the object, control means being 
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provided to generate excitation pulses of the emitting 
elements, the determination means being designed to 
define positions of the ultrasound emitting elements 
relative to the object during displacement of the 
5 transducer, 

processing means being provided to 

- .determine, starting from the positions thus 
determined, delay laws that emitting elements use to 
generate a focused ultrasonic beam for which the 

10 characteristics are controlled with respect to the 
object, and 

- a PPly these delay laws to the excitation pulses, 
ultrasound receiving elements, possibly composed 

of the emitting elements, being designed to supply 

15 signals used to form images related to the object, 

the means for bringing into contact being provided 
to bring the emitting elements into contact with the 
surface of the object and the determination means being 
provided to determine the positions of the emitting 

20 elements relative to the object through the means 
bringing the emitting elements into contact. 

According to one preferred embodiment of the 
transducer according to the invention, the means of 
bringing the emitting elements into contact with the 

25 surface of the object comprise mechanical elements, 
each mechanical element including a portion that' is 
free to move relative to a rigid portion of the 
transducer, a first end of this moving portion being 
capable of pressing emitting elements into contact with 

30 the. surface of the object, 
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and the means of determining the positions of the 
emitting elements relative to the object comprise 

- first means provided to determine the positions 
of the emitting elements relative to the rigid portion 

5 of the transducer, by measuring the deformation of the 
emitting surface, and to output signals representative 
of positions thus determined, the first means 
comprising 

• distance measurement means, provided to measure 
10 the distance between a second end of the moving portion 

of each mechanical element and an area of the rigid 
portion of the transducer and 

• auxiliary processing means provided to determine 
the positions of the emitting elements with respect to 

15 the rigid portion of the transducer, using the 
distances thus determined, 

- second means provided to determine the position 
and orientation of this rigid portion with respect to 
the object and to output signals representative of the 

20 position and the orientation thus determined and 

- third means provided to output the positions of 
the emitting elements with respect to the object using 
signals output by the first and second means. 

Preferably, the first end of each moving portion 
2 5 is rounded. 

According to one preferred embodiment of the 
invention, the rigid portion of the transducer 
comprises parallel holes in which the moving portions 
are respectively free to slide, and each mechanical 
30 element also includes elastic means capable of 
separating the first end of the moving portion 



7 

EV 310856144 US . . Docket No. 034299-694 



corresponding to this mechanical element, from the 
rigid portion. 

Preferably, each mechanical element also comprises 
a means (for example a ball bushing) in the hole 
5 corresponding to it, in which the moving portion of 
this- mechanical element is free to slide with low 
friction. 

According to one preferred embodiment of the 
transducer according to the invention, the distance 
10 measurement means are provided to optically measure the 
distance between the second end of the moving portion 
of each mechanical element and an area of the rigid 
portion, and comprise 

- light emission means fixed to the rigid portion 
15 and designed to emit light towards this second end, 

this second end being capable of reflecting this light, 
and 

- light reception means fixed to the rigid portion 
and provided to receive the light thus reflected, these 

20 reception means being capable of outputting signals 

representative of the distance between this second end 

and the corresponding zone. 

According to a first particular embodiment of the 

transducer according to the invention, the light 
25 emission means and the light reception means include a 

photo-emitter and a photo-detector respectively, fixed 

to the rigid portion facing the second end. 

According to a second particular embodiment of the 

transducer according to the invention, the light 
30 emission means include a first optical fibre to 

transmit light and send the light to the second end, 
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and the light reception means include a second optical 
fibre to transmit light reflected by this second end. 

The optical distance measurement means may use 
•continuous light beams. 
5 As a variant, the optical distance measurement 

means may use discontinuous light beams and 
particularly trains of light waves. 

According to one particular embodiment of the 
invention, the means of bringing the emitting elements 

10 into contact also include a blade that covers second 
faces of the emitting elements, the first end of the 
moving portion of each mechanical element being capable 
of pressing emitting elements in contact with the 
surface of the object through the blade, this blade 

15 being capable of distributing forces applied by the 
moving elements on the emitting elements through the 
blade . 

According to another particular embodiment, the 
emitting elements are rigid piezoelectric elements 

20 trapped in a flexible substrate that is passive with 
regard to ultrasounds. 

In this case, the transducer preferably includes 
strips, the number of which is equal to the number of 
emitting elements and that are fixed to the face of the 

25 flexible substrate that is located facing the 
mechanical elements, each strip facing the moving 
portion of one of these mechanical elements, the first 
end of this moving portion being capable of pressing 
the emitting elements in contact* with the surface of 

30 the object through the strip facing it. 
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Brief description of the drawings 

This invention will be described in the 
description of example embodiments given below, purely 
for guidance and in no way limitative, with reference 
5 to the attached drawings on which: 

- Figure 1 is a diagrammatic view of a particular 
embodiment of the transducer according to the 
invention, using photo-emitters and photo-detectors, 

Figure 2 is a diagrammatic partial view of 
10 another particular embodiment using optical fibres, and 

- Figure 3 is a diagrammatic sectional view of a 
matrix ultrasonic transducer according to the 
invention. 

15 Detailed presentation of particular embodiments 

The ultrasonic transducer accordinq to the 
invention that will be described with reference to 
Figure 1 is a flexible transducer provided with 
instrumentation adapted to inspection of compact parts, 

20 the shape of which is complex and difficult to access. 

This transducer includes means for bringing into 
contact and profile measurement means (relief sensor) . 

The means for bringing into contact assure 
permanent acoustic coupling of the emitting elements of 

25 the transducer with the part to be checked as it is 
being scanned, while individual optical sensors measure 
the positions of spring pistons fitted on the 
transducer. These measurements are used to deduce the 
profile of the part to determine delay laws adapted to 

30 this part. 
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The means for bringing into contact and the means 
of measuring the deformation of the set of emitting 
elements in contact with the part are put together in 
order to minimise the total size of the transducer and 
5 to make it easy to grip. Putting these means together 
makes it possible for a sufficient number of optical 
sensors and adaptative electronic means to be 
integrated into the limited volume of the transducer. 

Figure 1 is comparable with Figure 4 in document 
10 [1] that should be referred to. 

In the example in Figure 1, a linear strip type 
transducer is used that only accepts deformations in 
the plane of incidence of ultrasounds, namely plane (x, 
z) in Figure 1. 

15 This transducer includes ultrasonic emitter- 

receiver elements 2 forming a flexible aRRpmhly and 
connected through elastic and flexible means 4 for this 
purpose . 

For example, these means 4 that assure mechanical 
20 cohesion of elements 2 and flexible assembly of these 
elements, can be 

a cable in the case of a two-dimensional 
flexible transducer, or 

- a polymer resin substrate in the case of a 
25 flexible transducer with three dimensions. 

More generally, as mentioned in document [1] , it 
would be possible to use 

- a flexible piezoelectric polymer strip and an 
array of electrodes placed adjacent to each other, 

30 obtained by metallic deposition, or 
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- a set of rigid piezoelectric elements cast into 
a flexible substrate that is inert with regard to 
ultrasounds, or 

- a set of rigid ultrasound elements mechanically 
5 assembled so as to obtain an articulated structure. 

In the example in Figure 1, a known linear and 
deformable multi -element strip is used, for which the 
piezoelectric elements 2 are trapezoidal in shape. 

The transducer comprises spring pistons 8 and a 

10 metallic foil 10 that forms a strip-spring, to keep 
these piezoelectric elements 2 in contact with the part 
to be checked 6. This strip-spring is placed on the set 
of back faces of elements 2, each of which has a front 
face or active face that is in contact with the surface 

15 of the part to be checked 6, the set of active faces 
forming a deformable emitting surface. 

The metallic foil 10 distributes vertical forces 
applied by the spring pistons and also enables the 
elements 2 to tilt transversely without being blocked 

20 by the pistons 8. 

The transducer in Figure 1 also comprises a rigid 
box 12 to which the multi -element strip is fixed. This 
box 12 comprises a set of parallel holes 14 with 
coplanar axes, the number of holes being equal to the 

2 5 number of spring pistons. 

Each spring piston 8 comprises a moving part 16 
capable of sliding in the corresponding hole and a 
spring 18 through which this moving part 16 passes and 
is included between the box 12 and the end 2 0 of this 

30 moving part, that is the closest to the elements 2. 
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This end 20 is wider than the remaining part of 
the moving part to retain the spring 18. This end 20 is 
also rounded, and preferably hemispherical as can be 
seen in Figure 1, to optimise pressure applied on the 
5 back faces of the elements 2 through the metallic foil 
10. 

When the transducer is applied in contact with the 
part to be checked 6, the springs 18 are compressed and 
therefore tend to separate the ends 2 0 of the box 12 

10 such that the elements 2 are kept in permanent contact 
with the part 4 . 

A ball bushing 22 is placed in each hole 14, which 
has the same axis as this hole and inside which the 
moving part 16 of the piston corresponding to this hole 

15 is free to slide. This ball bushing 22 is. designed to 
improve displacement of this moving part .in t.hf* hole, 
to reduce friction during this displacement and to 
eliminate the clearance between this moving part and 
the hole. 

20 The positions of elements 2 with respect to the 

part 6 as the transducer is being displaced are 
determined through spring pistons. 

To achieve this, the upper part of the box 12 
includes a (rigid) plate 24 that closes the upper ends 

25 of the holes 14 and that forms a geometric reference 
for position measurements of elements 2. In each hole 
14, a light emitting diode 26 and a photodetector 28 
are fixed to this plate 24 in an area 29 of the plate, 
facing the other end 3 0 of the moving part 16 of the 

30 piston corresponding to this hole. 
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This other end 30 is perpendicular to the X axis 
that is common to the hole 14 and to this moving part 
16 and it is polished or made reflecting for example by 
polishing, to form a mirror. This mirror reflects a 
5 fraction of a light beam emitted by the light emitting 
diode 26. The quantity of reflected light energy is a 
decreasing function of the separation between the 
moving part and the light emitting diode 26. 

The light beam reflected by the mirror is picked 
10 up by the photo-detector 28 that is placed adjacent to 
the diode 26. This photo-detector then outputs a photo 
current that depends on the distance between the end 30 
of the moving part 16 and the photodetector (and 
therefore the plate 24) and consequently the position 
15 of elements 2 with respect to the rigid part 12 
(knowing the length of the movinq parts 16) . 

Programmable electronic means 32 are provided to 
control light emitting diodes 26, to digitise the 
photo-current output from each photodetector 2 8 and to 
20 convert this photo-current into a displacement. 

However, the curve of variations of the 
displacement as a function of the photo-current is not 
linear such that a calibration is necessary. 

This calibration is made during an acquisition 
25 step during which the photo-current is measured for 
several calibrated positions of the moving part 16 of 
each piston 8, over the entire range of this piston, in 
other words the entire displacement possible for this 
piston . 
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After calibrating each photo-detector, it is 
possible to convert the measured photo-current into a 
displacement . 

The respective positions of the photo-detectors 
5 with respect to the back faces of the elements 2 are 
known, therefore interpolation methods are used to 
reconstruct the profile described by the back faces of 
the elements. Projection operations then provide the 
coordinates of the surface of the part 6 . 
10 More precisely, the means 32 are also designed to 

determine the positions of the back faces of elements 2 
relative to the rigid box 12 . 

. Auxiliary processing means 34 determine the 
positions of the active faces of elements 2 relative to 
15 the box as a function of the positions of back faces 
thus determined (see document [1] ) . 

An articulated mechanical arm 36 is used to obtain 
the position and orientation of the transducer in the 
fixed coordinate system of the part to be checked 6. 
■20 Sensors 38 fitted on the arm 36 are used to locate this 
transducer in space and to measure ■ its orientation 
during its displacement relative to part 6, as 
indicated in document [1] . 

Figure 1 also shows means 4 0 that, depending on 

2 5 the positions output by the means 34 and as a function 

of the position and orientation output by the sensors 
38, determine the positions of the transducer relative 
to part 6 . 

The Figure also shows control and processing means 

3 0 4 2 provided to 

- generate excitation pulses of the elements 2, 
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- determine delay laws using the positions thus 
determined, to enable elements 2 to generate a focused 
ultrasonic beam F , for which the characteristics are 
controlled with respect to part 2, and 
5 - apply these delay laws to the excitation pulses. 

The elements 2 then output signals to means 42 
also designed to form images related to the part 6, 
using these signals. 

These images are displayed on a screen 44 . 
10 As described in document [1] , inertial sensors can 

also be used to obtain the position and orientation of 
the transducer. 

Light emitting diodes can be controlled so as to 
emit continuous light beams or discontinuous light 
15 beams, and particularly light pulses. 

The means 32 may be designed to query the required 
phocodececcor 2b by controlling the corresponding light 
emitting diode. 

Figure 2 is a partial diagrammatic view of a 
20 variant of the transducer in Figure 1. In this variant, 
optical fibres are used to transmit light to the 
corresponding second ends of the moving parts of 
pistons and to transmit light reflected by these second 
ends . 

25 In the example in Figure 2, means 32 control a 

light source 46 from which light is sent to the ends of 
the optical fibres 48, the number of the fibres being 
equal to the number of pistons, through an optical 
coupler 50. The other ends of the fibres 48 open up 

30 into holes 14 as shown in Figure 2, to be able to 
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"illuminate" the reflecting ends 30 of the moving parts 
16. 

A light source per optical fibre can also be used. 
It can be seen that each -of the said other ends of 
5 the fibres is fixed to zone 29 of the plate 24 facing 
the corresponding end 30. 

Other optical fibres 52 are also provided, the 
number of which is equal to the number of fibres 4 8 and 
for which ends open into the holes 14, adjacent to the 
10 ends of fibres 48, and are fixed to zones 29 
respectively facing the corresponding ends 30. 

The fibres 52 make it possible to recover light 
reflected by the reflecting ends 30 of the moving parts 
16 and to transmit this light to the corresponding 
15 photodetectors 54. These photodetectors then generate 
photo-currents that are transmitted to the means 32. 

In the examples according to the invention that 
have just been described, the distance measurement 
means used particularly to detect piston displacements 
20 consist of optical means, therefore enabling optical 
detection of these displacements. 

However, these optical means may be replaced by 
magnet ic means . 

In one example not shown, each diode 26- 
25 photodetector 28 set in Figure 1 is replaced by a Hall 
effect sensor and a magnet is fixed onto the end 3 0 of 
the moving part of the corresponding piston. 

The Hall effect sensor is thus capable of 
outputting a signal that depends on the distance 
30 between this sensor and this magnet. Thus also, the 
required distance can be measured by replacing means 32 
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in Figure 1 by appropriate means of controlling the 
sensor and processing signals output by it. 

In one variant of this example (not shown) , the 
magnet is fixed to the plate 24, adjacent to the Hall 
5 effect sensor, in the corresponding- hole 14, and at 
least the end 3 0 of the moving part of each piston is 
made from a magnetic material such as steel. 

The magnetic field detected by each sensor is then 
disturbed by the corresponding end 3 0 and the sensor 
10 also outputs a signal that depends on the distance 
between this end 3 0 and this sensor. 

Furthermore, examples according to the invention 
that are given above use ultrasound emitting and 
receiving elements. Those skilled in the art can adapt 
15 these examples to the case of transducers including 
elements designed only to emit ultrasounds and other 
elements designed only to receive ultrasounds. 

Furthermore, in these examples, transducers 
including a linear strip of ultrasound elements are 
20 used, but the invention is not limited to such 
transducers. As in document [1], those skilled in the 
art will be able to adapt the examples given to matrix 
transducers . 

It is then necessary to associate parallel rows of 
25 spring pistons with such a matrix transducer, these 
rows being of the type described above with reference 
to Figure 1, and to include a metallic foil on the back 
faces of elements fitted on the transducer. 

We will now describe another example of the 
30 invention with reference to Figure 3, that is useable 
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more particularly in the case in which the ultrasound 
elements form a matrix rather than a single row. 

The transducer according to the invention that can 
be seen in section in Figure 3, comprises a matrix of 
5 ultrasound emitter-receiver elements 56 that are 
trapped in a flexible resin substrate 58, this 
substrate being passive with regard to ultrasounds. 

In order to keep the piezoelectric elements 56 in 
contact with a part to be checked 60 that is convex in 

10 the example in Figure 3, the transducer includes a 
matrix assembly of spring pistons 62 and a rigid box 64 
for which the flexible substrate 58 is fixed in a 
manner that will be explained below. 

The box 64 comprises a matrix assembly of parallel 

15 holes 66 that are associated with corresponding spring 
pistons. Each spring piston comprises a moving part 68 
that is capable of sliding in the corresponding hole, 
and a spring 70 through which this moving part passes 
and that is included between the box 64 and the end 72 

20 of this moving part, that is closest to the elements 
56. This end is rounded and is preferably 
hemispherical, as is the case in Figure 1. 

Ball bushings 74 are still provided to improve 
displacement of the moving parts 68 in the 

25 corresponding holes 68 as is shown in Figure 3. 

In the example in this Figure 3, the positions of 
elements 56 from part 60 are determined during 
displacement of the transducer by means of spring 
pistons, and to achieve this each piston is associated 

30 with a position sensor 76 as is shown in the example in 
Figure 1 . 
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The example in Figure 3 also uses an optical 
sensor including a light emitter towards the piston and 
a light receiver receiving light reflected by the back 
end of the moving part 68 of this piston, made 
5 reflecting for this purpose. 

Preferably, strips 78 are fixed to the upper 
surface of the flexible substrate 58, facing the 
corresponding hemispherical ends 72 of the pistons, and 
thus form a matrix assembly. These strips are used to 

10 distribute the vertical forces applied by the spring 
pistons. These strips preferably form thin metallic 
disks with a diameter equal to the diameter of the 
hemispherical ends . 

The transducer in Figure 3 also comprises four 

15 supports 80, that for example form angles and are at 
90° from each other, only two of these supports being 
visible in Figure 3. Each of these supports is fixed to 
the flexible substrate 58 through a rod 82 articulated 
with respect to this support. This rod 82 is capable of 

20 sliding in an insert 84 that is embedded in the 
flexible substrate 58 made of resin. 

Each of these supports 80 is also fixed to one end 
of an axis 86. The other end of these axes can slide in 
a hole 88 passing through the rigid box as shown in 

25 Figure 3. This hole is parallel to the holes 66 in 
which the moving parts of the pistons slide. 

The use of rods 82 sliding in the inserts 84 
prevents the appearance of lateral tensions that could 
tear the substrate 58. 

3 0 Furthermore, the mechanical system including 

supports 80, rods 86, inserts 84 and axes 82, prevents 
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any rotation of the flexible substrate 58 and therefore 
the set of elements 56. 

If required, the movement of the flexible 
substrate 58 with respect to the box 64 can be measured 
5 by means of position detectors 90, such as detectors 
76, that can be used to measure the travel distance of 
the axes 86, used to hold the flexible substrate. 

Figure 3 also shows the springs 91 through which 
the rods 86 pass and that are included between the 
10 supports 80 and the rigid box 64. 

Each of these rods 86 can also be associated with 
another rod 92 capable of sliding in the rigid box 64 
through a ball bushing 94 and fixed to the 
corresponding support 80. As can be seen in Figure 3, a 
15 spring 96 is then provided between this support 8 0 and 
the rigid box 64, through which this other rod 92 
passes . 

The rigid box 64 may be fixed to an electronic box 
98 that can also be used as a handle for the 

20 transducer. Elements 100 can be seen in the upper part 
of this electronic box 98, through which electrical 
cables (not shown) exit from this box. These cables are 
used for the transport of signals output by the 
transducer and by position sensors 76. 

25 A base 102 can be seen designed to hold electrical 

connectors (not shown) , at the bottom of this 
electronic box 90, output from the different ultrasound 
elements 56 and to connect these connectors to 
electronic means contained in the box 98, and used to 

30 control these elements 56 and to process signals output 
by these elements. 



21 

EV 310856144 US . > Docket No. 034299-694 



The rods 92 associated with the ball bushings 94 
and springs 96 could be replaced by simple angles fixed 
to supports 80 and capable of sliding in holes provided 
for this purpose in the rigid box 94 . 
5 The various electrical connections necessary for 

the transducer in Figure 3 are not shown, for reasons 
of clarity. 

Similarly, the various signal control and 
processing means necessary for operation of this 
10 transducer are not shown. These means that correspond 
to a matrix transducer may be determined by those 
skilled in the art, making use of means similar to 
those described with reference to Figure 1 for a linear 
transducer. 



